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Sialic acid binding lectin from Rana catesbeiana (cSBL) is recognized as a multi-functional protein. The cSBL is famous for its anti-tumor activity in addition to its lectin activity.
2) The cSBL is also recognized as having RNase activity in addition to its lectin activity.
2) The cSBL is a pyrimidine base specific ribonuclease belonging to the ribonuclease (RNase) A super family, but the base preference of the B2 subsite of cSBL is for guanosine. This property differs from those of the other RNase A super family enzymes which show a B2 subsite preference for adenosine. 3, 4) It was previously reported that cSBL, which is modified with a water soluble carbodiimide (EDC) in the presence of nucleophiles such as ethylenediamine and glycine methylester, exerted more potent anti-tumor activity than the parent cSBL.
5) The molecular mass and the gross conformation of the modified cSBLs were confirmed to be very similar to those of the parent cSBL by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and circular dichroism (CD) spectra between 200-250 nm region, respectively. The amount of nucleophile incorporated into EDC modified cSBL in the presence of ethylenediamine (EDC-ED cSBL), which showed the most potent anti-tumor activity, was estimated to be approximately two moles/mole cSBL. The location of the acidic amino acid residues in the primary structure modified with EDC has yet to be determined. 5) To elucidate the fundamental mechanism by which antitumor activities enhanced, we investigated the RNase activity of the modified cSBL. We focused on the effects of modification on double stranded RNase activity and the base specificity of the modified cSBL.
MATERIALS AND METHODS
Enzymes cSBL was purified according to the method of Nitta et al.
3) EDC-modified cSBLs were prepared in the presence of nucleophiles as described previously. 5) Bovine seminal RNase was purified by the method of Hosokawa and Irie.
6) Whale pancreatic RNase was donated by T. Terao of the National Institute of Health Sciences, Japan.
Reagents Yeast RNA was obtained from Marine Bio. (Tokyo, Japan). Poly U and poly C were obtained from Yamasa (Chiba, Japan). Poly A · poly U and dinucleoside phosphates with a pyrimidine nucleoside on the 5Ј-end were obtained from Sigma (St. Louis, MO, U.S.A.). Oligo dA (20-mer) was obtained from Genset (Kyoto, Japan).
Assay of RNase Activity (a) RNase activity towards single stranded RNA as a substrate: RNase activity was measured as described previously, by measuring the increase in acid soluble nucleotides. 4) The reaction was performed in 50 mM Tris-HCl buffer (pH 7.5) with 2.5 mg/ml RNA at 37°C. (b) RNase activity towards homopolynucleotides, poly U and poly C. The RNase activity was measured using hyperchromicity upon hydrolysis of homopolynucleotides. A small volume of the enzyme was added to one milliliter of the substrate solution (20 mM) in 50 mM Tris-HCl buffer (pH 7.5) and the changes in absorbancy at 260 and 270 nm for poly U and poly C, respectively, were followed at 25°C. (c) Hydrolysis of the poly U · oligo dA hybrid was performed using a hybrid consisting of poly U : oligo dA (3 : 5 as monomer) in 25 mM Tris-HCl buffer (pH 7.5) containing 125 mM NaCl at 25°C. The reaction was monitored at 260 nm. Hydrolysis of the hybrid RNA was estimated by a slow and constant increase in absorbancy following the first rapid reaction of unhybridized poly U. (d) Enzymatic activity towards dinucleoside phosphates, UpY where Y is A, G, C or U. The rate of hydrolysis was measured spectrophotometrically by the method of Imazawa et al. 7) at pH 5.5. (e) RNase activity towards double stranded RNA, poly U · poly A. RNase activity towards this substrate was measured spectrophotometrically as in (b) except for the buffer. The buffer used was 25 mM Tris-HCl buffer (pH 7.5) containing 0-200 mM NaCl.
Chemical Modification of cSBL with EDC in the Presence of Various Nucleophiles Chemical modification of cSBL with EDC in the presence of various nucleophiles was performed as described previously.
5) The procedures are summarized below. The pH of the reaction mixture composed of cSBL (0.25 mg/ml) and a nucleophile (0.6 M) was adjusted to 5.0 by addition of 1 M NaOH, then 40 mM EDC [1-ethyl-3(3-dimethylaminopropyl)carbodiimide] was added with stirring at room temperature for 30-120 min. The reaction was stopped by addition of a 1/5 volume of 1 M sodium acetate buffer (pH 5.0) and then dialyzed against de-ionized water.
RESULTS

Effect of Chemical Modification of cSBL by EDC in the Presence of Various Nucleophiles on the Hydrolysis of
Single Stranded RNA The EDC-modified cSBLs in the presence of nucleophiles were abbreviated, as follows, in this study. The cSBLs modified by EDC in the presence of taurine (TA), glycine methylester (GM) and ethylenediamine (ED) were indicated as EDC-ED cSBL 120 . The suffix indicates the reaction time in minutes took for the modification. Table 1 shows that RNase activity measured with RNA, poly U and poly C as substrates to be comparable to that of native cSBL. The RNase activity against RNA as a substrate decreased following the degree of the modification, and the decrease was more marked in the enzyme modified in the presence of ED (EDC-ED cSBL 120 ). In the case of poly U, however, the tendency was not so marked as that against RNA as a substrate. On the contrary, in the case of poly C as the substrate, enzymatic activity of the modified cSBL increased following modification. It is interesting that the tendencies were very similar despite the difference in nucleophiles incorporated. It is also interesting that the activity against poly C increased even after 30 min of modification. This indicates that the modification reaction proceeds rapidly, and that the modified carboxyl groups are present in the exposed state in cSBL. These characteristic features will be discussed later.
RNase Activity of the Chemically Modified cSBL on Double Stranded RNA and Poly U · Oligo dA Hybrid It has been reported that some endonucleases, such as bovine seminal RNase and whale pancreatic RNase, cleave double stranded RNA to some extent, although not as efficiently as single stranded RNA. [8] [9] [10] [11] [12] The RNase activity of EDC-modified cSBL, as well as those of native cSBL and RNase A, on double stranded RNA, poly A · poly U was examined (Fig.  1a) . The native cSBL hydrolyzed double stranded RNA to some extent and the activity was higher than that of RNase A. However, the RNase activity of the native cSBL and RNase A towards double stranded RNA decreased dramatically following the increase of the ionic concentration. In  Fig. 1b , RNase activity towards double stranded RNA for EDC-modified cSBL in the presence of TA, GM, and ED are measured as a function of ionic concentration. RNase activity towards double stranded RNA increased in the order EDC-TA cSBL 30 , EDC-GM cSBL 30 , EDC-ED cSBL 30 . EDC-ED cSBL 120 became the most resistant to the higher ionic concentration among EDC-modified cSBLs. The activity of EDC-ED cSBL 120 at 150 mM ion concentration was about 10% of that at 25 mM. In Fig. 2 a) The data include errors within Ϯ3%. b) The enzymatic activity was expressed as a percentage of that of native cSBL (100%). c) Not determined. that the modification of one or two carboxyl groups proceeds rapidly. This initial reaction with carboxyl groups might significantly affect to the ability for double stranded RNA digestion.
5) The activity of EDC-ED cSBL was higher than that of seminal RNase, but lower than that of whale RNase under these conditions. The use of nucleophiles for the modification other than of ED (EDC-TA cSBL and EDC-GM cSBL) was less effective.
Similar experiments were conducted using the poly U · oligo dA hybrid as a substrate (Table 2) . EDC-ED cSBL 120 hydrolyzed the hybrid more effectively than native cSBL. The extent was essentially comparable with that of poly U · poly A as a substrate. These results indicate that the chemically modified enzyme can hydrolyze both double stranded RNA (poly U · poly A) and RNA· DNA hybrids (poly U · oligo dA) to some extent.
The Effect of Chemical Modification on the Hydrolysis of Dinucleoside Phosphate with Uridine Nucleoside at the 5-End
The rates of hydrolysis of dinucleoside phosphate, UpY, where Y is A, G, U or C by EDC-GM cSBL 120 and EDC-ED cSBL 120 are shown in Table 3 . It has been noted that the B2 subsite of cSBL is guanine base preference in contrast to that of RNase A which is adenine base preference. 4) The modified cSBLs indicate a tendency similar (G UϾAϾC) to that of cSBL. However, the B2 site preference for G was apparently reduced while the preference for A and C was slightly increased in the case of the chemically modified cSBL. These results explain why the rate of hydrolysis of poly C did not decrease following chemical modification with EDC.
DISCUSSION
The results shown in Fig. 2 indicate that the RNase activity of cSBL towards double stranded RNA increased in proportion to the net positive charge on cSBL. The relationship between the RNase positive charge and double stranded RNA hydrolysis activity was discussed from two aspects. Whale pancreatic RNase is known to have strong RNase activity towards single stranded RNA. It is also known to be one of the strongest double stranded RNA hydrolysis enzymes. This enzyme is composed of a large number of positively charged amino acid residues. 8) Considering the amino acid composition, it was proposed that the higher RNase activity for double stranded RNA could be attributed to the large content of positively charged amino acid residues. However, the pI value calculated from the amino acid sequence was about 9.0.
13) This value does not differ markedly from that of the native cSBL (pIϭ9.2).
14) Another RNase having double stranded RNase activity is bovine seminal RNase. [9] [10] [11] [12] The double stranded RNase activity of bovine seminal RNase was explained by the formation of charge clusters. In this RNase, the positive charges are localized due to dimer formation. The localized positive charges contribute to destabilizing double stranded RNA and RNA-DNA hybrids.
11) The modified cSBL shows augmentation of double stranded RNase activity. Whether this increase is due to affecting its charge or insertion of the positive charge into particular amino acid residues is unknown. Investigators are now endeavoring to clarify this issue by using a site-specifically mutated recombinant RNase.
Seminal RNase is known to have anti-tumor activity. 15, 16) As described in a previous report, the anti-tumor activity of cSBL increased in proportion to the net positive charge.
5)
The relationship between double stranded RNase activity and anti-tumor activity is not known. A processing error in precursor ribosomal and/or transfer RNA is a plausible explanation for the anti-tumor activity. Another possible cause is subsequent reaction on mRNA-DNA hybrids. The RNase activity towards poly C was slightly enhanced by EDC modification. The rate of hydrolysis of UpY, where Y is A, G, U or C, was employed to investigate this phenomenon (Table 3 ). The results indicate that the base preference of the B2 subsite for cytosine/adenine was increased following the EDC modification. Although the three dimensional structure of cSBL is known, 17) the B2 subsite structure is unclear at present. The B2 subsite of bovine pancreatic RNase A consists of Gln69, Asn71 and Glu111 (RNase A numbering). 18, 19) Only Glu111 is conserved as Glu97 in cSBL. In cSBL, two other acidic amino acid residues, Asp24 and Glu88 are located far from the active site. Therefore, Glu97 is the carboxyl group that might be chemically modified easily and thereby might contribute to the altered base recognition property of the B2 site. Modification of this residue may improve the base preference for cytosine and adenine, and reduce the preference for guanine at the B2 site. This may explain why the modified cSBL had little effect on the poly C hydrolysis rate. In addition, the decrease in single stranded 1368 Vol. 24, No. 12 a) The data include errors within Ϯ3%. a) The optimal pH of cSBL for UpY was approximately 5.5. We therefore measured the initial velocity at this pH and at 25°C. The substrate concentration was 25 mM. The enzyme concentration was 5ϫ10 Ϫ9 -10 Ϫ7 M. The data include errors within Ϯ3%.
RNase activity with chemical modification (Table 1) appears to parallel loss of the guanine preference. These assumptions await clarification based on recombinant cSBL having a sitespecific mutation on the Glu residue. An experiment of this type will soon be completed (manuscript in preparation). The findings of this study suggest the increase in double stranded RNase activity and modification of the B2 site specificity to possibly be responsible for the increased anti-tumor activity of EDC-modified cSBL.
